ABSTRACT
was employed to derive longitudinal trajectories of affective symptoms and to examine how 1 different longitudinal trajectories of affective symptoms were associated with midlife 2 cognition.
Based on previous research, the following factors were included as potential Childhood cognition was assessed at age 11, using a general ability test administered at the 2 child's school. Childhood emotional adjustment assessed at age 11 using the Bristol Social 3 Adjustment Guides (BSAG) (25). This questionnaire was completed by teachers and is 4 designed to assess behaviour that may be indicative of maladjustment and emotional 5 disturbance. A measure of household socio-economic position at age 11 was derived using 6 guidelines from the Centre for Longitudinal Studies (CLS) (26), based on measures of 7 father's occupation, mother's occupation, and household tenure. Highest educational 8 attainment was derived by combining education data from 1991, 2000, 2004, and 2008 to 9 ascertain the highest academic qualification the cohort member had achieved by age 50. Supplementary Material 1B.
13
Analytical procedure 14 First, a structured modelling approach was used to compare a set of nested models 15 corresponding to accumulation and sensitive period hypotheses to a saturated model 16 including all main effects and all possible interactions (8, 27, 28) . The sensitive period model 17 included three measures indicating whether an individual experienced case-level affective 18 symptoms at three time windows across the life-course: early adulthood (age 23); middle Where multiple P values were > .05, the model with the highest P value and lowest F statistic 1 were selected as the best fit for the data. This analysis was conducted in STATA V14.2. This analysis was conducted in R V3.5.1.
10
To account for missing data, multiple imputation analysis was conducted on the 11 sample with cognitive data, resulting in the imputed dataset for 9385 participants. All 12 analyses described above were re-run using imputed variables for the key predictors. Multiple 13 imputation was conducted in R using the MICE package (29, 30) . Twenty imputations were 14 conducted using data across 7 sweeps over the life course. This multiple imputation approach 15 includes a large number of covariates and auxiliary variables in the models, which maximises 16 the plausibility of the missing at random (MAR) assumption, and limits possibility of missing 17 not at random (MNAR) data (31). These multiple imputation techniques have been used 18 extensively to address missing data in the National Child Development Study (32-34).
19
Technical details of the multiple imputation process are reported in Supplementary Material 20 1C.
21
Second, a confirmatory factor analysis was conducted to generate latent factor scores 22 of malaise symptoms at each time-point (see Supplementary Table 3 for details about model   23 fit). Linear mixed models were then used to examine malaise trajectories over time, using factor scores from each time-point. Linear and quadratic models were fitted and compared 1 and the model with the best fit according to the Akaike information criterion (AIC) and 2 Bayesian information criterion (BIC) was selected for subsequent analyses. Next, growth 3 mixture models (GMM) were fit to the data to identify trajectory classes. Models with a 2-4 class, 3-class, 4-class, and 5-class solution were fitted and compared using AIC, BIC, and the 5 Lo-Mendel-Rubin Adjusted likelihood ratio test (Lo-Mendel-Rubin Adjusted LRT). Once 6 longitudinal trajectories were identified using GMM, a structural equation model was used to 7 investigate whether class membership predicted cognitive outcomes at age 50, after 8 controlling for key covariates. One-step estimation approaches have been criticised in recent 9 years on the basis that including distal outcomes into the measurement model in one step may 10 lead to an unintended and problematic circular relationship in which the classes from the 11 trajectory modelling are determined in part by the distal outcome which they are meant to be 12 predicting (35-37). This analysis was therefore conducted in a step-wise fashion to avoid 13 drawbacks associated with one-step estimation methods. Missing data was dealt with using 14 full information maximum likelihood estimation (FIML). Analysis was conducted in Mplus 15 V.8. According to Mplus defaults, variances across classes were held equal.
RESULTS

1
Missing data and descriptive statistics
2
Of the sample who completed the cognitive tests at age 50 (n = 9,385), participants 3 with complete information (n = 4625) were compared to the sample with missing data (n = 4 4,760). Results revealed that participants with missing data did not differ by sex (P = .54).
5
However, participants with missing data had significantly lower childhood cognitive scores 6 (P < .001), higher levels of childhood psychological maladjustment (P < .001), lower level of 7 education (P < .001), lower SEP in childhood (P < .001) and adulthood (P < .001), more 8 case-level affective symptoms at ages 23 (P < .001), 33 (P < .001), 42 (P < .001), and 50 (P < 9 .001).
10
To account for missing data, multiple imputation analysis was conducted resulting in 11 the imputed dataset for the sample of 9385 participants. Socio-demographic information for 12 the sample with complete information for cognitive outcomes, main predictors and covariates
13
(n = 4,625; 50.5% women) and the imputed sample (n = 9,385; 50.8% women) is presented 14 in Supplementary Table 4 .
15
Accumulation of affective symptoms and midlife cognitive function
16
Results from the analysis using a structured modelling approach revealed that the 17 accumulation model was the best fit for the data. For this model, there were no significant 18 differences observed from the saturated model for any of the cognitive outcomes (Table 1) .
19
This was particularly prominent for memory outcomes (immediate memory: F = 1.81; P = 20 .09; delayed memory: F = 1.39, P = .22), for which none of the other models (i.e., 'no effect' 21 model, or sensitive period models) fit the data well (P < .05 for all other models).
Fully adjusted regression models revealed significant linear associations, whereby as Table   11 7). Therefore, five different trajectories of adult affective symptoms were identified ( Figure   12 1): 1) no affective symptoms (51.4%); 2) consistent mild/moderate affective symptoms 13 (28.3%); 3) initially low and increasing to high affective symptoms (5.4%); 4) initially high 14 and persistently increasing affective symptoms (7.3%); 5) initially high and decreasing to low 15 affective symptoms (7.5%).
16
A fully adjusted structural equation model revealed that class membership predicted 17 cognitive function at age 50 (Table 3 ). Belonging to a trajectory with initially high and 
Strengths & limitations
13
The key strength of the study is a large nationally-representative sample with a long was controlled for, this does not completely eliminate the possibility of reverse causality, 1 whereby the association may operate in the opposite direction with lower cognitive function 2 leading to higher affective symptoms across the adult life course (46). We were also unable to 3 take the effect of medications into account, which may play an important role in this 4 association.
5
Missing data are inevitable in the long-running cohorts such as NCDS, and indeed 6 there was a lot of missing data that could potentially lead to biased estimates. We have dealt 7 with this by imputing missing data using a multiple imputation approach. The benefits of the 8 multiple imputation approach are that missing data can be dealt with prior to analysis (47) response to stress have proposed that conditions of high stress and exogenous glucocorticoids 1 can lead to cognitive impairment (49). 
16
Conclusions
17
In conclusion, the present study suggests that individuals with affective symptoms in a Results are presented for model 1 (unadjusted estimates), model 2 (estimates adjusted for sex), model 3 (estimates adjusted for sex, childhood socioeconomic status, childhood emotional adjustment, and childhood cognition), and model 4 (estimates adjusted for sex, childhood socioeconomic status, childhood emotional adjustment, childhood cognition, adult socioeconomic status, and highest educational attainment at age 50). Model 5 is a sensitivity analysis, using all the covariates in Model 4, but excluding childhood emotional adjustment.
b Bold values represent estimates significant at the P < .05 level. Estimates are based on sample with complete data for all key factors and covariates (N = 4,625). 
